We present the stacking analysis of a sample of 48 QSOs at 4.5 < z < 7.1 detected by ALMA in the [CII]λ158µm line to investigate the presence and the properties of massive, cold outflows traced by broad [CII] wings. We reveal very broad [CII] wings tracing the presence of outflows with velocities in excess of 1000 km s −1 . We find that the luminosity of the broad [CII] emission increases with L AGN , while it does not significantly depend on the SFR of the host galaxy, indicating that the central AGN is the main driving mechanism of the [CII] outflows in these powerful, distant QSOs. From the stack of the ALMA cubes, we derive an average outflow spatial extent of ∼ 2 kpc. The average mass outflow rate inferred from the whole sample stack isṀ outf ∼ 170 M yr −1 , while for the most luminous systems it increases to ∼ 340 M yr −1 . The associated outflow kinetic power is about 0.1% of L AGN , while the outflow momentum rate is about L AGN /c or lower, suggesting that these outflows are either driven by radiation pressure onto dusty clouds or, alternatively, are driven by the nuclear wind and energy conserving but with low coupling with the ISM. We discuss the implications of the resulting feedback effect on galaxy evolution in the early Universe.
Introduction
The growth of super-massive black holes (SMBH) at the centres of galaxies and the properties and evolution of the interstellar medium (ISM) in their hosts are expected to be connected (e.g. Di Matteo et al. 2005; Hopkins et al. 2008 ). There are in fact well established correlations observed between the black hole mass and the physical properties of the host galaxy (Kormendy & Ho 2013) such as the bulge mass or velocity dispersion, suggesting that the energy output of the accretion onto SMBH may be communicated to the surrounding ISM and affect star formation (SF). Indeed, AGN feedback onto their host galaxies is expected to proceed via galaxy-wide, quasi-spherical outflows (Menci et al. 2008; Faucher-Giguère & Quataert 2012) , capable of heating and removing gas, therefore suppressing SF. AGN feedback is one of the main mechanisms invoked in cosmological simulations to prevent an excessive growth of massive galaxies and make gas-rich starburst galaxies quickly evolve to quiescence.
Growing observational evidence of massive AGN-driven outflows has been collected, involving different gas phases (ionised, atomic and molecular) extending from sub-pc to kpc scales. While recent works, based on local AGNs, use a multiphase study of outflows to quantify their impact on the host galaxy (Feruglio et al. 2015; Tombesi et al. 2015; Fluetsch et al. 2018) , at high redshift (z ∼ 1 − 3) studies of outflows are still mostly limited to the ionised phase (see Fiore et al. 2017 , and references therein). There are only few detections of fast molecular gas observed in OH absorption or CO high-J rotational transitions (Carniani et al. 2017; Feruglio et al. 2017; Brusa et al. 2018) . However massive, quiescent systems and old (aged 2−3 Gyr) galaxies have been observed already at z ∼ 2 − 3 (Cimatti et al. 2004; Glazebrook et al. 2017) , indicating that a feedback mechanism must have been in place even at very early epochs, around z ∼ 5 − 6.
Observations of AGN-driven outflows at high redshift have targeted the [CII] fine-structure emission line at 158 µm, which is generally the strongest emission line in galaxies. Typically [CII] is a tracer of both the neutral atomic gas, primarily in Photo-Dissociated Regions (PDRs), but can be in part emitted also from the (partly) ionised medium. Since PDR are produced by the UV radiation emitted by young stars, [CII] has also been used as a tracer of SF (Maiolino et al. 2005; De Looze et al. 2011; Carniani et al. 2013) .
Recently, [CII] has also been exploited to trace cold gas in galactic outlows. Indeed, broad wings [CII] emission has been observed in the hyper-luminous QSO J1148+5251 at z ∼ 6.4 by Maiolino et al. (2012) and Cicone et al. (2015) , revealing outflowing gas extended up to 30 kpc and escaping with velocities in excess of 1000 km s −1 . The Herschel Space Observatory has enabled to detect cold outflows through broad wings of the [CII] line also in local active galaxies (Janssen et al. 2016) .
The exploitation of the bright [CII] line at high redshift has been increasing in the last few years with the advent of ALMA. In particular, the population of high-z luminous AGN with detected [CII] emission has been rapidly growing. Previous works have exploited the [CII] emission to investigate the AGN/quasar host galaxy properties, such as the SFR, the dynamical mass, and the presence of merging companions (e.g. Wang et al. 2013 Wang et al. , 2016 Venemans et al. 2016 Venemans et al. , 2017 Willott et al. 2015 Willott et al. , 2017 Trakhtenbrot et al. 2017; Decarli et al. 2017 Decarli et al. , 2018 . In none of these high-z QSO evidence of [CII] outflows has been reported. However, most of these [CII] We have collected a sample of 48 QSOs with ALMA [CII] detection to investigate the presence of outflows, as traced by weak [CII] broad wings, by performing a stacking analysis. We will show that the stacked data achieve a sensitivity that is more than an order of magnitude deeper than that reached in previous [CII] outflows detections and enable us to reveal very broad, weak wings tracing cold outflows associated with distant QSOs. Wang et al. (2013) , Willott et al. (2013) , Willott et al. (2015) , Willott et al. (2017) , Kimball et al. (2015) , Díaz-Santos et al. (2016) , Venemans et al. (2016) , Venemans et al. (2017) , Decarli et al. (2017) , Decarli et al. (2018), and Trakhtenbrot et al. (2017) ; however, we also included some ALMA unpublished archival data. As mentioned, in total we combined ALMA data for 48 QSOs, and equivalent to a total of ∼ 34 hours of on-source observing time.
Sample and data reduction
Observations involve ALMA bands 6 or 7, depending on the redshift of the individual source. The distribution of the average rms sensitivity, representative of the [CII] spectral region, and that of the size of the ALMA beam are shown in Fig. 1 . Individual values are listed in Table 1 . Except for few outliers, the bulk of the observations have similar sensitivities from ∼ 0.3 to ∼ 0.8 mJy/beam for a 30 km s −1 channel. The angular resolutions, computed as average beam axis, range from ∼ 0.3 to 1.2 arcsec.
Data were calibrated using the CASA software (McMullin et al. 2007) in the manual or pipeline mode of the specific CASA version indicated in the README file provided by the ALMA Observatory, as also the default phase, bandpass and flux calibrators provided there. Data cubes were produced by using the CASA task clean with natural weighting, a common pixel size of 0.05 and a common spectral bin of 30 km s −1 . Continuum maps were obtained by averaging over all the spectral windows and excluding the spectral range covered by the [CII] emission and possible [CII] broad wings. Continuum flux densities were derived by fitting a 2D Gaussian model to the ALMA maps. Furthermore, to model the continuum emission next to the [CII] line, we combined two adjacent spectral windows (where present) to increase the available spectral range, for a total of ∼ 3.5 GHz. We thus fitted a zeroth order continuum model in the UV plane to all the available channels with a velocity |v| > 1500 km s −1 with respect to the centroid of the (core) [CII] emission (spectral regions corresponding to an atmospheric transmission < 0.5 for a 1 mm precipitable water vapour were excluded from the fit). We verified that modelling the continuum emission with a first order polynomial did not significantly affect our results, given the limited frequency range covered by our stack by using two adjacent spectral windows.
To determine the properties of the host galaxy emission we extracted the continuum-subtracted [CII] spectra from a region with an area of four beams (see Sect. 3). The line parameters describing the [CII] core emission were derived by fitting each spectrum with one Gaussian component model. Specifically, red- Table 1 . Main information about the ALMA observations and source properties of the QSOs in our sample. Columns give the following information: (1) source ID, (2) [CII]-based redshift, (3) beamsize, (4) continuum rms sensitivity, (5) shifts (z [CII] ) were derived from the centroid of the best-fit [CII] model (see Table 1 ).
The main properties of our high-z QSOs sample are shown in Fig. 2 and listed in Table 1 . The QSOs in the sample are distributed in two main redshift bins, i.e. a first group at 4.5 < z < 5 and a second, higher-z group at z 6. The bulk of the sample is characterised by a luminosity of the [CII] core emission in the range Log(L [CII] /L ) ∼ 9.0 − 9.5 and [CII] line profiles with a Full Width Half Maximum (FWHM) in the range between 300 and 500 km s −1 . We computed the FIR luminosity by using an Mrk231-like template (Polletta et al. 2007 ) normalised to the ALMA continuum flux density. The resulting L FIR (see Fig. 2 ) span almost two orders of magnitude, i.e. Log(L FIR /L )= 11.6−13.4. The AGN bolometric luminosity (L AGN ) was derived from the monochromatic luminosity at 1450 Å by applying the bolometric correction from Runnoe et al. (2012) . All sources in our sample are luminous and hyper-luminous QSOs with L AGN 10 46 erg s −1 , with an average L AGN of 6.3 × 10 46 erg s −1 .
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Methods
In order to investigate the presence of high velocity wings of the [CII] emission, we performed a stacking analysis of the distant QSOs in our sample. The stacking technique has the potential to greatly increase the sensitivity of the stacked spectrum or stacked cube and, therefore, favours the detection of even modest outflows traced by weak [CII] wings. As a first step, the cubes were aligned at the [CII] rest frequency (1900.5369 GHz) according to z [CII] and spatially centred on the peak of the QSO continuum emission. In this way, spatial or spectral interpolation of the data during the stack was not needed. We did not include in the stack spectral regions corresponding to an atmospheric transmission < 0.5 for a 1 mm precipitable water vapour. Then, we combined the data from the 48 sources in our sample according to the relation below, defining the weighted intensity I k of a generic spatial pixel (x , y ) in the stacked cube for each spectral channel k, and the relative weight W k as follows (Fruchter & Hook 2002) :
(1)
where i j,k is the intensity at the same spatial pixel (x j , y j ) and same spectral channel k of source j, and n = 48. We applied a standard variance-weighted stacking, i.e. we used a weighting factor w j,k = 1/σ 2 j,k , where σ j,k is the rms noise estimated channel by channel from cube j. Furthermore, with this method we accounted for the noise variation with frequency in the spectral range covered by the ALMA [CII] spectra, i.e. ∼ 4 GHz, and considered only the contribution of sources with available spectral coverage in our weighted mean.
We performed the stacking in two alternative, complementary ways: by stacking the 1D spectra extracted from the individual cubes and by stacking the 3D cubes into a single stacked cube. In the first case the continuum-subtracted spectrum of each target was extracted from an elliptical aperture with same position angle of the beam, but over an area four times larger. This approach allows us to collect most of the flux from the QSO (for a point source, ∼ 94% of the flux lies within two beam axes) and limits the contamination of possible companions. The individual spectra were therefore stacked according to Eq. 1 and Eq. 2.
In the second approach, the continuum-subtracted cubes of the single sources were stacked by applying Eqs. 1,2 to each spaxel. This resulted in a stacked data cube, containing the contribution of each source to the different channels and spatial positions.
Finally, to verify that the presence of broad [CII] wings was not associated with few QSOs but instead a general properties of our sample, we recomputed 1000 times the stack of the integrated spectrum on different subgroups of sources. Each time we excluded a different combination of 5 sources, i.e. ∼ 10% of our sample. The resulting rms variation of the [CII] wings in the velocity range 400 < |v| < 1800 km s −1 corresponds to ∼20% of the peak flux density of the broad [CII] 
Results

Stacked spectrum
The integrated spectrum resulting from the stack of all 48 QSO individual (1D) spectra in our sample is shown in Fig. 3 . The stacked spectrum clearly reveals very broad wings beneath the narrow line core, clearly tracing fast outflows of cold gas. The red line shows the best-fit with two Gaussian components, indicated with blue and green lines. The χ 2 minimisation of the fit was performed by using for each channel the weight W k (see Eq. 1) and gives a χ 2 ν = 3.7, a factor of ∼ 2 smaller than the χ 2 ν,1G = 8.6 resulting from a single Gaussian fit of the spectrum. This reduction in χ 2 ν indicates that the second, broad Gaussian component is required with very high confidence level (> 99.9%). The reduced χ 2 is yet larger than unity, hence suggesting that the line profile might be more complex than two simple Gaussian components. The median rms of the stacked spectrum is ∼ 0.065 mJy/beam (see Table 2 ), which is nicely consistent with the noise expected by stacking the original spectra if the noise is Gaussian. To give an idea of the significant improvement in sensitivity obtained with the stack, the sensitivity level reached in this work is a factor of ∼ 14 lower than that of the J1148+5251 observations of Cicone et al. (2015) , where a massive [CII] outflow was found.
In the stacked spectrum the core emission component has a width of FWHM Table 2 ). The broad wings are not symmetric, the blue side being much more prominent than the red side, resulting in the overall broad Gaussian used to fit the broad component being slightly blueshifted (by ∼ 100 km s −1 ) with respect to the systemic [CII] emission. This might be an artefact resulting from the asymmetric distribution of the data, with the red wing being contributed by fewer spectra than the blue wing (top panel of Fig. 3) . Alternatively, at such early epochs, the host galaxies of these hyper-luminous QSOs may be similar to extreme ultra- Table 2 ). In order to estimate the luminosity of the [CII] broad component representative of our sample, we computed a weighted L 
Outflow relation with QSO-galaxy properties
In this section, we investigate the relation between the presence of cold outflows traced by the [CII] wings and the properties of the QSO-host galaxy system, such as AGN luminosity and SFR. Furthermore, as in the stack of the whole sample (Sect. 4.1) we consider sources with [CII] The stacked spectra for the different subsamples are shown in Fig. 4 . Because of lower statistics, the sensitivity improvement is smaller compared to the stack of the whole sample. (see Table 2 ). With such reduced statistics, the individual source contribution to the stacked spectrum is more evident. This is particularly evident in Fig. 4 C and D) . Similarly to what we found in the whole sample stack, the peak of the broad [CII] wings is 5% to 10% of the core peak flux density, while the integrated flux of the broad component corresponds to 20 − 30% of the core component.
For each subsample, L
broad
[CII] and L AGN have been computed following the same method of Sect. 4.1 (see Table 2 ). We observe an increased L broad [CII] in the high L AGN sources (see Fig. 4 ), despite the limited luminosity range spanned by the sources considered in this work. An alternative driving mechanism of the fast [CII] emission could be the starburst in the QSO host galaxy through supernovae and radiation pressure. To investigate this possibility in more detail, we considered two subgroups according to their SFR, as inferred from their L FIR (computed following Kennicutt & Evans (2012) ), assuming that the bulk of the far-IR emission is associated with SF in the host galaxy:
-E: SFR FIR < 600 M yr
The corresponding stacked spectra are shown in Fig. 6 . It is evident that the [CII] core emission is mainly associated with SF activity, confirming that [CII] is a tracer of star formation. The [CII] flux density of the core in stack E, characterised by a variance-weighted SFR of 260 M yr −1 , is in fact a factor of ∼ 3.5 lower with respect to the highly star forming sources stacked in F (whose variance-weighted SFR is ∼ 1750 M yr −1 ). However, the broad [CII] wings are well present in both stacks with comparable luminosity L broad [CII] ∼ 10 8.6 L , indicating that SF does not significantly contribute to the outflows in the hosts of these powerful QSOs.
Stacked Cube
In this section we present the results from the stacking of the ALMA data cubes for the QSOs in our sample. We produced a stacked cube by applying the stacking technique presented in Sect. 3, i.e. we used Eqs. (1) and (2) to compute the varianceweighted stacked flux density of each spaxel in the final cube. It is a very simple approach primarily aimed at investigating the spatial scale of the [CII] outflows in the high-z QSOs host galaxies. Differently from the analysis of the integrated spectra of Sect. 4.1, here we did not not choose an extraction region but only piled up the emission contributions to each pixel of the map.
However, the application of this stacking method to heterogeneous observations may lead to a few issues, as discussed in the following:
-Combining observations with different angular resolutions (see Fig. 1 ) implies that emission from different physical scales may contribute to the total flux density of a same pixel. Degrading the observations to the lowest angular resolution would allow to stack emission arising from similar physical scales (given that the physical-to-angular scale ratio changes only by a factor 1.3 in the redshift range of our sources). However, in interferometric data this would imply tapering the visibilities, i.e. lowering the weight of the extended baselines to the final map, at the expenses of the sensitivity. Therefore, we preferred not to modify the angular resolutions. However, by computing the variance-weighted beamsize of our stacked cube, it is possible to have an indication of the angular scale above which the most of the emission is resolved. For the all-sample stacked cube we computed an average angular resolution θ res = 0.52 ×0.68 . In the case of a point source emission, the flux density contribution to the scale of the beam axes is only ∼6%. We may therefore safely assess that emission on larger scales is mainly associated to extended, resolved emission. The channel maps of Fig. 7 suggest that we might be observing [CII] emission clumps moving at different velocities and characterised by a range of velocity dispersions. To build a global picture of the [CII] outflows, we create an integrated luminosity map of the high-velocity [CII] emission by summing the emission contributions, in the 80 km s −1 channel maps, detected at > 3σ significance for at least three channels (i.e. 250 km s −1 ) in the all-sample stacked cube. The result is shown in Fig.  8 , where the maps corresponding to the velocity bins |v| > 400 km s −1 , |v| > 550 km s −1 and |v| > 700 km s −1 are displayed. We also plot the associated signal-to-noise ratio maps.
As expected, most of the fast [CII] emission arises from the central regions, where all sources contribute in the stack. At the highest velocities (> 700 km s −1 ) the nuclear outflow is still present at ∼ 3σ significance. At moderate velocities |v| ∼ 400−550 km s −1 , we observe extended emission up to ∼ 1.5 arcsec, corresponding to ∼ 9 kpc at z stack = 5.8. Marginally resolved emission is observed also at higher velocities. However, we stress again that we might be losing a significant part of the extended emission in our stack. We compute the spatial scale at A&A proofs: manuscript no. CII-stack-submitted [-3, -2, 2, 3, 4, 5, 6] σ, where σ is the rms sensitivity evaluated for each channel.
which the bulk of the observed fast [CII] is emitted as the half light radius of the |v| > 400 km s −1 map (see Fig. 8 ), which has the highest SNR. This radius corresponds to the average extent of the region enclosing 50% of the [CII] emission, indicated by the black contour in Fig. 8 . We derive a beam-deconvolved half light radius R outf = (R 2 50% − R 2 beam ) ∼ 0.35 arcsec, where R beam is the weighted beam radius of the stacked cube. R outf corresponds to ∼ 2 kpc at z stack .
Discussion
The luminosity of the broad [CII] wings is linked to the mass of the outflowing atomic gas. It is therefore possible to estimate the typical energetics of [CII] outflows in high-redshift, highluminosity QSOs, in the central ∼ 2 kpc regions (see Sect. 4.3). Specifically, to compute the outflow mass of atomic neutral gas we use the relation from Hailey-Dunsheath et al. (2010):
where X C + is the C + fraction per hydrogen atom, T is the gas temperature, n is the gas density and n crit ∼ 3 × 10 3 cm −3 is the [CII]λ158 µm critical density. We use Eq. (3) in the approximation of n >> n crit , thus deriving a lower limit on the outflowing gas mass. Moreover, the [CII] emitting region is in most cases characterised by densities in excess of 10 3 cm −3 (e.g. De Breuck et al. 2011). Following Maiolino et al. (2012) we consider a conservative X C + ∼ 10 −4 , typical of photo-dissociated regions, and a gas temperature of 200 K. Assuming a temperature from 100 K to 1000 K would imply a variation of only 20% in the resulting gas mass. Accordingly, for the stack of the whole sample we infer a mass of the outflowing neutral gas of M outf = (3.7 ± 0.7) × 10 8 M , see Table 3 . To compute the [CII] outflows energetics of the high-z QSOs in our sample, we assume the sceario of time-averaged expelled shells or clumps (Rupke et al. 2005) :
where Table 3 ) and ∆v broad is the velocity shift of the centroid of the broad [CII] wings with re-M. Bischetti et al.: Widespread QSO-driven outflows in the early Universe spect to the systemic emission, R outf ∼ 2 kpc as derived in Sect. 4.3. We calculate the kinetic power associated with the [CII] outflows as:
and the momentum load:
whereṖ AGN = L AGN /c is the AGN radiation momentum rate. This approach allows us to directly compare our findings to the collection of 30 low redshift AGNs by (Fluetsch et al. 2018) , for which the energetics of spatially resolved molecular and (in ∼ one third of the same sources) neutral [CII] and ionised outflows has been homogeneously calculated. The resulting outflow parameters for the whole sample stack and the different subsamples considered (see Sect. 4.2) are listed in Table 3 . We derive a mass outflow rate ofṀ outf = 170 ± 40 M yr −1 for the stack of the whole sample, while for the large FWHM, high-L AGN subgroup (stack D) we findṀ outf ∼ 340 M yr −1 . These outflow rates only refer to the atomic neutral component. Fluetsch et al. (2018) obtained that, for AGN-driven outflows, the molecular mass outflow rates are of the same order as the atomic neutral outflow rates, while the contribution from the ionised gas is negligible, at least in the luminosity range probed by them. They find that the molecular-to-ionised outflow rate increases with luminosity, in contrast with what found by Fiore et al. (2017) ; the discrepancy may originate from the fact that the latter study investigate disjoint samples, or may originate from the different luminosity ranges sampled. If we assume that the relations found by Fluetsch et al. (2018) also apply to these distant luminous QSOs, then the implied total outflow rate is twice the value inferred from [CII] . Fig. 9a shows the mass outflow rate as a function of the AGN bolometric luminosity. Stars show the atomic neutral outflow rate inferred from the [CII] broad wings for the various stacked spectra, as indicated in the legend. The circles, connected to the star through a dashed line, indicate the inferred outflow rate by accounting also for the molecular gas content in the outflow assuming the relation given by Fluetsch et al. (2018) . Blue, green and purple squares show the molecular, ionised and atomic neutral outflow rates measured by Fluetsch et al. (2018) in local AGNs. In the latter case the neutral component is obtained through [CII] observations of local galaxies performed by the Herschel infrared space telescope (Janssen et al. 2016 ) and purple circles show the effect of correcting the atomic outflow rate as discussed above. Hollow green squares show the ionised outflow rates inferred from Fiore et al. (2017) ; these are from a disjoint sample (they do not have measurements for the molec- Table 3 . Outflow parameters associated to the different stacked integrated spectra. The columns give the following information: (1) stacked sample, (2) atomic gas mass associated to the broad [CII] wings, (3) mass outflow rate, computed following Fluetsch et al. (2018) , (4) 930 ± 140 3.6 ± 0.8 160 ± 50 4.4 ± 1.6 0.20 ± 0.07 ular and atomic phase) and may be subject to different selection effects, but they have the advantage to extend to much higher luminosities than the sample in Fluetsch et al. (2018) . Fig. 9a illustrates the well known phenomenon that the outflow rate increases with the AGN luminosity and that generally the outflow rate is dominated by the neutral phases (atomic and neutral). However, at the very high luminosities probed by our stacked spectra of the most distant QSOs the outflow rates associated with the neutral phase appear to deviate from the trend observed locally, and the outflow rates seem similar to those observed in the ionised phase.
For completeness, Fig. 9b shows the outflow velocity as a function of the AGN luminosity, illustrating that the velocity of the outflow observed in the stacked spectra is consistent with the trend observed in other AGNs and in other phases, further confirming that these outflows are QSO-driven. Fig. 9c shows the kinetic power as a function of the AGN luminosity with the same symbols as in Fig.9a . For our stacked spectra, the kinetic power is between 0.01% and 0.5% of L AGN , i.e. much lower than what expected from AGN "energy-driven" outflow models (Ė out f ∼ 0.05 × L AGN , e.g. Di Matteo et al. 2005; Zubovas & King 2012) which ascribe outflows to the nuclear winds that expands in an energy-conserving way. Fig. 9d shows the outflow momentum load factor, i.e. the outflow momentum rate relative to the radiative momentum rate of the AGN (P AGN = L AGN /c), as a function of the outflow velocity. For our stacked spectra the outflow momentum load factor is of the order of unity or lower, while "energy-driven" outflow models would expect momentum load factors of about 20. These results suggest that the outflows in these powerful quasars are either energy-driven but with poor coupling with the ISM of the host galaxy, or are driven by direct radiation pressure onto the dusty clouds (e.g. Ishibashi et al. 2018) . In either cases the outflow unlikely is in its "ejective" mode, i.e. very effective in removing gas from the entire galaxy, hence in completely suppressing star formation (Costa et al. 2015 (Costa et al. , 2017 Bourne et al. 2014 Bourne et al. , 2015 Roos et al. 2015; Gabor & Bournaud 2014) , although such ejective mode can be effective in clearing of the gas content and quenching star formation in the central regions. Moreover, the outflow can be effective in heating the circumgalactic medium and therefore preventing further accretion of fresh gas onto the galaxy, hence resulting in a delayed quenching of the galaxy by "starvation".
It could also be, in contrast with what observed in the lowluminosity local AGN, that in these very luminous, distant QSOs the bulk of the outflow is highly ionised. The observation that in other very luminous QSOs the ionised outflow rate, kinetic power and momentum rate is similar to the same quantities locally observed in the molecular phase (Fig.9) , does suggest that the balance between the various phases is different in these systems Fiore et al. 2017) . However, as illustrated in Fig. 9 , even the ionised phase does not seem to be massive and powerful enough to match the requirements of the energy-driven scenario with high coupling.
In alternative, the interferometric data used in our stack of the [CII] emission may miss extended, diffuse emission associated with outflows. Indeed, a large fraction of the data have angular resolution higher than 0.7 , which may prevent them to detect emission on scales larger than ∼ 3 − 4 . The lack of sensitivity to extended, diffuse emission may indeed be a major problem in very distant systems, due to the rapid cosmological dimming of the surface brightness, decreasing as ∼ (1 + z) 4 . This scenario may also explain why the [CII] outflow rate and kinetic power in the stacked data of distant QSOs do not seem to increase significantly with respect to the local, lower-luminosity AGN (purple square symbols in Fig.9 ) whose [CII] broad wings were observed with Herschel.
Within this context it is interesting to note that in the QSO J1148+5251 at z=6. 4 Maiolino et al. (2012) and Cicone et al. (2015) did detect a very extended outflow on scales of ∼ 6 , by exploiting low angular resolution observations. J1148+5251 (black square in Fig. 9 ) is indeed characterised by a larger outflow rate and higher kinetic power with respect to the stacked measurements. However, even for J1148+5251 the kinetic power and momentum rate appear to be significantly lower than what expected by the simple scenario of energy-driven outflows with high coupling with the ISM.
Conclusions
In this work we have presented the stacking analysis of a sample of 48 QSOs at 4.5 < z < 7.1 detected in [CII] by ALMA, equivalent to an observation of ∼ 34 hours on-source, aimed at investigating the presence and the properties of broad [CII] wings tracing cold outflows. The stack allows us to reach an improvement in sensitivity by a factor of ∼ 14 with respect to the previous observation of a massive [CII] outflow in J1148+5251 at z ∼ 6.4 (Maiolino et al. 2012; Cicone et al. 2015 ).
-From the stacked integrated spectra, we clearly detect broad
[CII] wings, tracing cold outflows associated with these distant QSOs and with velocities exceeding 1000 km s −1 . This weak broad component has not been previously detected in single observations (except for the case of J1148+5251) because of insufficient sensitivity. The same limitation applies to the stack recently performed by Decarli et al. (2018) on the sample of 23 PAN-STARRS QSOs with ALMA [CII] detection, which were mostly observed with very short (few minutes) exposures. In fact similarly to Decarli et al. (2018) , we find no significant broad [CII] wings in the stacked spectrum of their PAN-STARRS sources alone. -The redshifted [CII] wing is fainter than the blueshifted [CII] wing. This may be associated with the asymmetric distribution of the spectral coverage of the spectra used in the stacked spectrum. However, if confirmed with additional data, this asymmetry would suggest that in these systems the dusty gas in the host galaxy has a column density high enough to obscure the receding component of the outflows, with respect to our line of sight. High dust column densities capable of absorbing even at far-IR and submm wavelengths have been observed in local ULIRGs. -By splitting the sample in AGN luminosity and SFR bins, we observe that the strength of the stacked broad component depends on the AGN luminosity, but does not depend on the SFR. This indicates that the QSOs are the primary driving mechanism of the [CII] outflows in these systems. -By stacking the ALMA data cubes, we investigate the morphology of the [CII] outflows in our sample and find that the high-velocity [CII] emission extends up to R outf ∼ 2 kpc. However, we cannot exclude that additional, more extended emission is present but missed by the interferometric data used for the stacking. Moreover, averaging outflows with different orientations and clumpiness may result into dilution effects affecting the observed intensity and extension of the [CII] broad wings in the stacked cube. -From the stacked cube we infer an average atomic mass outflow rateṀ outf ∼ 170 M yr −1 , which increases toṀ outf ∼ 340 M yr −1 for the stack of the most luminous sources. By correcting for the atomic-to-molecular gas ratio found by Fluetsch et al. (2018) , the former value translates into a total mass outflow rate of about 350 M yr −1 . The associated kinetic powers are consistent with 0.1% of L AGN for most stacks, while momentum load factors span the range 0.1 − 1; theseṀ outf are lower than what observed in cold outflows associated with local, lower luminosity AGNs, and are lower than the expectations of standard energy-driven outflow models (hence indicating either a low coupling with the ISM and/or a different driving mechanism, such as direct radiation pressure on the dusty clouds). As a consequence, QSO-driven outflows in the early universe may have not been very effective in clearing the galaxy from their gas content, although they may have been effective in clearing and quenching their central regions, and also heating the galaxy halo hence resulting into a delayed star formation quenching as a consequence of starvation.
Future deep ALMA follow-up observations will allow us to confirm the presence of [CII] outflows in individual high-z QSOs. Furthermore, the increasing number of available sources on the ALMA archive will increase the statistics, enabling us to reduce the uncertainties on the cold outflows parameters in the early Universe. Log(L AGN /erg s 1 ) [CII] outflows parameters. (a): mass outflow rate as a function of L AGN for the different stacked spectra (stars, see legend for details), compared to the sample of 30 low-redshift AGNs from Fluetsch et al. (2018) for which spatially resolved molecular (blue) and, in one third of the sample, ionised (green) outflows have been observed. We also included the compilation of ionised outflows (hollow green squares) with spatial information in z ∼ 0.1 − 3 AGN from Fiore et al. (2017) , recomputed according to Eqs. 4-6. Purple squares are local systems for which the outflow has been traced in [CII] through observations with the Herschel Space Observatory (Janssen et al. 2016; Fluetsch et al. 2018) . By applying the atomic-to-molecular outflowing gas mass correction by Fluetsch et al. (2018) , the molecular+atomic mass outflow rates are shown with circles . 
